EP 3 174 346 A1

(1 9) Europdisches

Patentamt

European
Patent Office
Office européen

des brevets

(11) EP 3174 346 A1

(12) EUROPEAN PATENT APPLICATION

published in accordan

(43) Date of publication:
31.05.2017 Bulletin 2017/22

(21) Application number: 14900496.2

(22) Date of filing: 27.08.2014

ce with Art. 153(4) EPC

(51) IntClL:
HO4W 52/30 (2009.07)

(86) International application number:
PCT/CN2014/085284

(87) International publication number:
WO 2016/029381 (03.03.2016 Gazette 2016/09)

(84) Designated Contracting States:
AL AT BE BG CH CY CZDE DK EE ES FI FR GB
GRHRHUIEISITLILT LULV MC MK MT NL NO
PL PT RO RS SE SI SK SM TR
Designated Extension States:
BA ME

(71) Applicant: Huawei Technologies Co., Ltd.
Longgang District
Shenzhen, Guangdong 518129 (CN)

(72) Inventor: ZHANG, Lili
Shenzhen
Guangdong 518129 (CN)

(74) Representative: Kérber, Martin Hans
Mitscherlich PartmbB
Patent- und Rechtsanwalte
Sonnenstrasse 33
80331 Miinchen (DE)

(54) POWER ALLOCATION COORDINATION METHOD AND DEVICE

(67)  Embodiments of the present invention provide
a coordinated power allocation method and apparatus,
to resolve a scheduling resource waste problem. The
method includes: determining communication informa-
tion about communication between user equipment UE
and each base station; determining, according to the

communication information, remaining power usage in-
formation allocated to each base station; and reporting
the determined remaining power usage information allo-
cated to each base station to each corresponding base
station.
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Description
TECHNICAL FIELD

[0001] The present invention relates to the field of communications technologies, and in particular, to a coordinated
power allocation method and apparatus.

BACKGROUND

[0002] In a wireless communications system, UE needs to report total power headroom (power headroom, PH) of the
UE to each base station by means of a PHR (Power Headroom Report, power headroom report), so as to assist each
base station in efficiently scheduling uplink transmission of different UE. Therefore, each base station may determine,
according to the total power headroom, an uplink bandwidth that can be used by each UE on each subframe.

[0003] In some application scenarios, UE can establish connections to multiple base stations at the same time. A
multi-link system is used as an example. Multi-link is an important topic of study in a case of a heterogeneous network
(heterogeneous network, HetNet) in which small cells are densely located. The multi-link mainly means that UE (User
Equipment, user equipment) can connect to a macro cell base station and a small cell base station at the same time. In
a multi-link scenario, a macro base station and a small cell base station are independent, that is, each does not know
scheduling information of the other. In the prior art, the UE reports only one true current PHR value to each base station,
and each base station may schedule the UE at the same time according to the PHR value, thereby causing a waste of
scheduling resources. Moreover, scheduling according to one shared PHR report is inaccurate.

SUMMARY

[0004] Embodiments of the present invention provide a coordinated power allocation method and apparatus to resolve
a scheduling resource waste problem.

[0005] According to a first aspect, an embodiment of the present invention provides a coordinated power allocation
method, including:

determining communication information about communication between user equipment UE and each base station;
determining, according to the communication information, remaining power usage information allocated to each
base station; and

reporting the determined remaining power usage information allocated to each base station to each corresponding
base station.

[0006] With reference to the first aspect, in a first possible implementation manner of the first aspect, the determining
remaining power usage information allocated to each base station includes:

determining a remaining power usage amount allocated to each base station, or determining a remaining power
usage proportion allocated to each base station; and

when the determined remaining power usage information allocated to each base station is the remaining power
usage proportion allocated to each base station, after the determining remaining power usage information allocated
to each base station, the method further includes:

reporting total power headroom of the UE to each corresponding base station.

[0007] With reference to the first possible implementation manner of the first aspect, in a second possible implemen-
tation manner of the first aspect, when the remaining power usage information that is allocated to each base station and
determined according to the communication information is the remaining power usage amount allocated to each base
station, before the determined remaining power usage amount allocated to each base station is reported to each cor-
responding base station, the method further includes:

when it is determined that a sum of the remaining power usage amounts allocated to all the base stations is greater
than the total power headroom of the UE, determining, according to importance of data transmitted by the UE to
each base station or communication quality of the communication between the UE and each base station, a scaling
factor for scaling down the remaining power usage amount allocated to each base station; and

the reporting the determined remaining power usage amount allocated to each base station to each corresponding
base station includes:
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scaling down, by using the determined scaling factor for scaling down the remaining power usage amount
allocated to each base station, the remaining power usage amount allocated to each base station, so as to re-
obtain a remaining power usage amount allocated to each base station and report to each base station to each
corresponding base station; or

reporting the determined remaining power usage amount allocated to each base station and the scaling factor
to each corresponding base station.

[0008] With reference to the first possible implementation manner of the first aspect, in a third possible implementation
manner of the first aspect, the determining, according to the communication information, a remaining power usage
amount allocated to each base station includes:

determining, according to the communication information, the remaining power usage proportion allocated to each
base station; and

determining, according to the remaining power usage proportion and the total power headroom of the UE, the
remaining power usage amount allocated to each base station.

[0009] With reference to any one of the first aspect or the first to the third possible implementation manners of the first
aspect, in a fourth possible implementation manner of the first aspect, the determined communication information about
the communication between the user equipment UE and each base station includes at least one of the following:

an amount of to-be-transmitted data in the communication between the UE and each base station;
historical scheduling information of the communication between the UE and each base station; or
a path loss power of the communication between the UE and each base station.

[0010] Accordingto a second aspect, an embodiment of the present invention provides a coordinated power allocation
method, including:

receiving total power headroom of user equipment UE and communication information that is sent by the UE and
about communication between the UE and each base station; and

determining, according to the communication information and the total power headroom of the UE, a first remaining
power used for communication with the UE.

[0011] With reference to the second aspect, in a first possible implementation manner of the second aspect, the
determining, according to the communication information and the total power headroom of the UE, a first remaining
power used for communication with the UE specifically includes:

determining, according to the communication information, a first pre-allocated remaining power used for the com-
munication with the UE;

obtaining a second pre-allocated remaining power used for communication between the UE and another base station
communicating with the UE;

when it is determined that a sum of the second pre-allocated remaining power and the first pre-allocated remaining
power is greater than the total power headroom of the UE, negotiating with the another base station to re-determine
a first pre-allocated remaining power and a second pre-allocated remaining power, until a sum of the re-determined
first pre-allocated remaining power and the re-determined second pre-allocated remaining power is not greater than
the total power headroom of the UE; and

determining the re-determined first pre-allocated remaining power as the first remaining power used for the com-
munication with the UE.

[0012] With reference to the first possible implementation manner of the second aspect, in a second possible imple-
mentation manner of the second aspect, the negotiating with the another base station to re-determine a first pre-allocated
remaining power and a second pre-allocated remaining power specifically includes:

negotiating with the another base station to re-determine a closed-loop power control adjustment value and/or
transport format compensation value;

sending a determined closed-loop power control adjustment value and/or transport format compensation value to
the UE; and

receiving a first pre-allocated remaining power and a second pre-allocated remaining power that are recalculated
by the UE according to the determined closed-loop power control adjustment value and/or transport format com-
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pensation value and a re-determined closed-loop power control adjustment value and/or transport format compen-
sation value sent by the another base station.

[0013] With reference to the second aspect, in a third possible implementation manner of the second aspect, the
determining, according to the communication information and the total power headroom of the UE, a first remaining
power used for communication with the UE specifically includes:

determining, according to the communication information, a first pre-allocated remaining power used for the com-
munication with the UE;

obtaining a second pre-allocated remaining power used for communication between the UE and another base station
communicating with the UE;

if it is determined that a sum of the second pre-allocated remaining power and the first pre-allocated remaining
power is greater than the total power headroom of the UE, re-determining, according to a priority of the communication
between each base station and the UE, a first pre-allocated remaining power and a second pre-allocated remaining
power that are used for the communication with the UE; and

determining the re-determined first pre-allocated remaining power as the first remaining power used for the com-
munication with the UE.

[0014] According to a third aspect, an embodiment of the present invention provides a coordinated power allocation
method, including:

receiving a first remaining power reported by user equipment UE;

obtaining a second remaining power that is reported by the UE and received by another base station communicating
with the UE; and

if it is determined that a sum of the second remaining power and the first remaining power is greater than total power
headroom of the UE, negotiating with the another base station to re-determine a first remaining power and a second
remaining power, until a sum of the re-determined first remaining power and the re-determined second remaining
power is not greater than the total power headroom of the UE.

[0015] With reference to the third aspect, in a first possible implementation manner of the third aspect, the negotiating
with the another base station to re-determine a first remaining power and a second remaining power specifically includes:

negotiating with the another base station to re-determine a closed-loop power control adjustment value and/or
transport format compensation value;

sending a determined closed-loop power control adjustment value and/or transport format compensation value to
the UE; and

receiving a first remaining power and a second remaining power that are recalculated by the UE according to the
determined closed-loop power control adjustment value and/or transport format compensation value and a re-
determined closed-loop power control adjustment value and/or transport format compensation value sent by the
another base station.

[0016] With reference to the third aspect, in a second possible implementation manner of the third aspect, the nego-
tiating with the another base station to re-determine a first remaining power and a second remaining power specifically
includes:

re-determining, according to a priority of communication between each base station and the UE, a first remaining
power and a second remaining power that are used for the communication with the UE.

[0017] According to a fourth aspect, an embodiment of the present invention provides a coordinated power allocation
method, and the method includes:

when it is determined that a sum of uplink powers allocated to all base stations is greater than a maximum transmit
power of the UE, determining, according to importance of data transmitted by the UE to each base station or
communication quality of communication between the UE and each base station, a scaling factor for scaling down
an uplink power allocated to each base station; and

scaling down, by using the determined scaling factor for scaling down the uplink power allocated to each base
station, the uplink power allocated to each base station, so as to re-obtain an uplink power allocated to each base
station and report to each base station to each corresponding base station; or reporting the remaining power usage
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amount allocated to each base station and the scaling factor to each corresponding base station.

[0018] According to a fifth aspect, an embodiment of the present invention provides a coordinated power allocation
apparatus, including:

a determining unit, configured to determine communication information about communication between user equip-
ment UE and each base station, and determine, according to the communication information, remaining power
usage information allocated to each base station; and

a sending unit, configured to report the remaining power usage information that is allocated to each base station
and determined by the determining unit to each corresponding base station.

[0019] With reference to the fifth aspect, in a first possible implementation manner of the fifth aspect, the determining
unit is specifically configured to determine a remaining power usage amount allocated to each base station, or determine
a remaining power usage proportion allocated to each base station; and

the sending unit is further configured to report total power headroom of the UE to each corresponding base station when
the remaining power usage information that is allocated to each base station and determined by the determining unit is
the remaining power usage proportion allocated to each base station.

[0020] With reference to the first possible implementation manner of the fifth aspect, in a second possible implemen-
tation manner of the fifth aspect, further includes a processing unit, where

the determining unit is further configured to: when the remaining power usage information that is allocated to each base
station and determined according to the communication information is the remaining power usage amount allocated to
each base station, and when it is determined that a sum of the remaining power usage amounts allocated to all the base
stations is greater than the total power headroom of the UE, before the determined remaining power usage amount
allocated to each base station is reported to each corresponding base station, determine, according to importance of
data transmitted by the UE to each base station or communication quality of the communication between the UE and
each base station, a scaling factor for scaling down the remaining power usage amount allocated to each base station;
the processing unit is specifically configured to scale down, by using the scaling factor that is determined by the deter-
mining unit and for scaling down the remaining power usage amount allocated to each base station, the remaining power
usage amount allocated to each base station, so as to re-obtain a remaining power usage amount allocated to each
base station; and the sending unit is specifically configured to: report the re-obtained remaining power usage amount
allocated to each base station to each corresponding base station; or report the scaling factor and the remaining power
usage amount that is allocated to each base station and determined by the determining unit to each corresponding base
station.

[0021] With reference to the first possible implementation manner of the fifth aspect, in a third possible implementation
manner of the fifth aspect, the determining unit is specifically configured to:

determine, according to the communication information, the remaining power usage proportion allocated to each
base station; and

determine, according to the remaining power usage proportion and the total power headroom of the UE, the remaining
power usage amount allocated to each base station.

[0022] With reference to any one of the fifth aspect or the first to the third possible implementation manners of the fifth
aspect, in a third possible implementation manner of the fifth aspect, the communication information that is determined
by the determining unit and about the communication between the user equipment UE and each base station includes
at least one of the following:

an amount of to-be-transmitted data in the communication between the UE and each base station;
historical scheduling information of the communication between the UE and each base station; or
a path loss power of the communication between the UE and each base station.

[0023] According to a sixth aspect, an embodiment of the present invention provides a coordinated power allocation
apparatus, including:

a receiving unit, configured to receive total power headroom of user equipment UE and communication information
that is sent by UE and about communication between the UE and each base station; and

a determining unit, configured to determine, according to the communication information and the total power head-
room of the UE, a first remaining power used for communication with the UE.
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[0024] With reference to the sixth aspect, in a first possible implementation manner of the sixth aspect, the apparatus
further includes an obtaining unit, where

the determining unit is specifically configured to determine, according to the communication information, a first pre-
allocated remaining power used for the communication with the UE;

the obtaining unit is configured to obtain a second pre-allocated remaining power used for communication between the
UE and another base station communicating with the UE; and

the determining unit is further configured to: when it is determined that a sum of the second pre-allocated remaining
power and the first pre-allocated remaining power is greater than the total power headroom of the UE, negotiate with
the another base station to re-determine a first pre-allocated remaining power and a second pre-allocated remaining
power, until a sum of the re-determined first pre-allocated remaining power and the re-determined second pre-allocated
remaining power is not greater than the total power headroom of the UE, and determine the re-determined first pre-
allocated remaining power as the first remaining power used for the communication with the UE.

[0025] With reference to the first possible implementation manner of the sixth aspect, in a second possible implemen-
tation manner of the sixth aspect, further includes a sending unit, where

the determining unit is specifically configured to negotiate with the another base station to re-determine a closed-loop
power control adjustment value and/or transport format compensation value;

the sending unit is configured to send a determined closed-loop power control adjustment value and/or transport format
compensation value to the UE; and

the receiving unit is further configured to receive a first pre-allocated remaining power and a second pre-allocated
remaining power that are recalculated by the UE according to the determined closed-loop power control adjustment
value and/or transport format compensation value and a re-determined closed-loop power control adjustment value
and/or transport format compensation value sent by the another base station.

[0026] Withreference to the first possible implementation manner of the sixth aspect, in a third possible implementation
manner of the sixth aspect, further includes an obtaining unit, where

the determining unit is specifically configured to determine, according to the communication information, a first pre-
allocated remaining power used for the communication with the UE;

the obtaining unit is configured to obtain a second pre-allocated remaining power used for communication between the
UE and another base station communicating with the UE; and

the determining unit is further configured to: when it is determined that a sum of the second pre-allocated remaining
power and the first pre-allocated remaining power is greater than the total power headroom of the UE, re-determine,
according to a priority of the communication between each base station and the UE, afirst pre-allocated remaining power
and a second pre-allocated remaining power that are used for the communication with the UE, and determine the re-
determined first pre-allocated remaining power as the first remaining power used for the communication with the UE.
[0027] Accordingto aseventh aspect, an embodiment of the presentinvention provides a coordinated power allocation
apparatus, including:

a receiving unit, configured to receive a first remaining power reported by user equipment UE;

an obtaining unit, configured to obtain a second remaining power that is reported by the UE and received by another
base station communicating with the UE; and

a determining unit, configured to: when it is determined that a sum of the second remaining power and the first
remaining power is greater than total power headroom of the UE, negotiate with the another base station to re-
determine a first remaining power and a second remaining power, until a sum of the re-determined first remaining
power and the re-determined second remaining power is not greater than the total power headroom of the UE.

[0028] With reference to the seventh aspect, in a first possible implementation manner of the seventh aspect, further
includes a sending unit, where

the determining unit is specifically configured to negotiate with the another base station to re-determine a closed-loop
power control adjustment value and/or transport format compensation value;

the sending unit is configured to send a determined closed-loop power control adjustment value and/or transport format
compensation value to the UE; and

the receiving unit is specifically configured to receive a first remaining power and a second remaining power that are
recalculated by the UE according to the determined closed-loop power control adjustment value and/or transport format
compensation value and a re-determined closed-loop power control adjustment value and/or transport format compen-
sation value sent by the another base station.

[0029] With reference to the seventh aspect, in a second possible implementation manner of the seventh aspect, the
determining unit is specifically configured to re-determine, according to a priority of the communication between each
base station and the UE, a first remaining power and a second remaining power that are used for the communication
with the UE.
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[0030] According to an eighth aspect, an embodiment of the present invention provides a coordinated power allocation
apparatus, including:

a processing unit, configured to: when it is determined that a sum of uplink powers allocated to all base stations is
greater than a maximum transmit power of the UE, determine, according to importance of data transmitted by the
UE to each base station or communication quality of communication between the UE and each base station, a
scaling factor for scaling down an uplink power allocated to each base station, and

scale down, by using the determined scaling factor for scaling down the uplink power allocated to each base station,
the uplink power allocated to each base station, so as to re-obtain an uplink power allocated to each base station; and
a sending unit, configured to report the re-obtained uplink power allocated to each base station to each corresponding
base station, or report the uplink power allocated to each base station and the scaling factor to each corresponding
base station.

[0031] By using the technical solutions provided in the embodiments of the present invention, at a UE side, a power
of UE is actively allocated to each base station according to communication information about communication between
the UE and each base station, that is, the UE actively determines, according to some information, a remaining power
that should be allocated to each base station, and reports remaining power usage information to each corresponding
base station. Therefore, a problem of uplink power coordination of the UE between base stations is resolved at the UE
side, and an allocated power is more accurate, which avoids a waste of resources.

[0032] Inaddition, a base station determines, according to total power headroom of UE and communication information
that is reported by the UE and about communication between each base station and the UE, a remaining power used
for communication between the base station and the UE, so that an allocated power is more accurate, and a waste of
resources is avoided.

BRIEF DESCRIPTION OF DRAWINGS
[0033]

FIG. 1 is a flowchart of a first coordinated power allocation method according to an embodiment of the present
invention;

FIG. 2 is a flowchart of a second coordinated power allocation method according to an embodiment of the present
invention;

FIG. 3 is a flowchart of a third coordinated power allocation method according to an embodiment of the present
invention;

FIG. 4 is a schematic diagram of a PHR according to an embodiment of the present invention;

FIG. 5 is a flowchart of a fourth coordinated power allocation method according to an embodiment of the present
invention;

FIG. 6 is a flowchart of a fifth coordinated power allocation method according to an embodiment of the present
invention;

FIG. 7 is a flowchart of a sixth coordinated power allocation method according to an embodiment of the present
invention;

FIG. 8 is a schematic diagram of a first coordinated power allocation apparatus according to an embodiment of the
present invention;

FIG. 9 is a schematic diagram of a second coordinated power allocation apparatus according to an embodiment of
the present invention; and

FIG. 10 is a schematic diagram of a third coordinated power allocation apparatus according to an embodiment of
the present invention.

DESCRIPTION OF EMBODIMENTS

[0034] To make the objectives, technical solutions, and advantages of the present invention clearer, the following
further describes the present invention in detail with reference to the accompanying drawings. Apparently, the described
embodiments are merely a part rather than all of the embodiments of the present invention. All other embodiments
obtained by persons of ordinary skill in the art based on the embodiments of the present invention without creative efforts
shall fall within the protection scope of the present invention.

[0035] The embodiments of the present invention provide a coordinated power allocation method and apparatus. UE
sends remaining power usage information that is allocated to each base station and estimated by the UE to each base
station, so that a problem of coordinating total power headroom of the UE between base stations is resolved at a UE
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side, allocated power headroom is more accurate, and a waste of resources is avoided. In addition, communication
information used to estimate, by each base station, a remaining power usage amount for communication between each
base station and the UE is delivered to each base station. Therefore, each base station estimates, according to the
communication information, the remaining power usage amount for the communication between each base station and
the UE, and determines a remaining power used for the communication between each base station and the UE (which
is also a power that is in the total power headroom of the UE and should be used for the communication between each
base station and the UE), so that an allocated power is more accurate, and a waste of resources is avoided.

[0036] An embodiment of the present invention provides a coordinated power allocation method. As shown in FIG. 1,
the method may be executed by user equipment, and the user equipment performs communication connection to at
least one base station. The method includes the following steps.

[0037] Step 101: Determine communication information about communication between the UE and each base station.
[0038] Step 102: Determine, according to the communication information, remaining power usage information allocated
to each base station.

[0039] A remaining power is a power that is allocated to a base station and used for communication with the UE.
[0040] In this embodiment of the present invention, the communication information may include at least one of the
following:

an amount of to-be-transmitted data in the communication between the UE and each base station, where the amount
of to-be-transmitted data may be an amount of data in a buffer that is of the UE for each base station and used for
uplink data transmission;

historical scheduling information of the communication between the UE and each base station, where the historical
scheduling information may be scheduling information about scheduling of the UE by each base station in a period
of time before a current moment; or

a path loss power of the communication between the UE and each base station.

[0041] All the foregoing three types of communication information can reflect an uplink power status of the UE to some
extent. The UE may determine, according to one or a combination of two or more of the foregoing three types of
communication information, a remaining power usage amount that should be allocated to a base station.

[0042] Step 103: Report the determined remaining power usage information allocated to each base station to each
corresponding base station.

[0043] How the UE notifies the base station of remaining power usage information allocated to the base station is not
limited in this embodiment of the present invention. The UE may notify, by using various existing manners or approaches
for communication with a base station, the base station of the remaining power usage information allocated to the base
station.

[0044] In this embodiment of the present invention, at a UE side, a power of UE is actively allocated to each base
station according to communication information about communication between the UE and each base station, that is,
the UE actively determines, according to some communication information, a remaining power that is in total power
headroom of the UE and that should be allocated to each base station, and reports usage information about the allocated
remaining power to each corresponding base station. Therefore, a problem of uplink power coordination of the UE
between base stations is resolved at the UE side, and an allocated power is more accurate, which avoids a waste of
resources.

[0045] Inanembodiment, asshowninFIG. 2, step 102 of the determining, according to the communication information,
remaining power usage information allocated to each base station may be 102a: determining, according to the commu-
nication information, a remaining power usage amount allocated to each base station.

[0046] Inanembodiment, asshowninFIG. 3, step 102 of the determining, according to the communication information,
remaining power usage information allocated to each base station may be 102b: determining, according to the commu-
nication information, the remaining power usage proportion allocated to each base station. Therefore, step 103 of the
reporting the determined remaining power usage information allocated to each base station to each corresponding base
station is 103a: reporting the determined remaining power usage amount allocated to each base station to each corre-
sponding base station.

[0047] Atfter step 102b, after the remaining power usage proportion allocated to each base station is determined, total
power headroom of the UE is reported to each corresponding base station. That is, the total power headroom of the UE
and the remaining power usage proportion allocated to each base station may be reported together to each corresponding
base station, or may be separately reported, and a sequence is not limited in this embodiment of the present invention.
Therefore, step 103 of the reporting the determined remaining power usage information allocated to each base station
to each corresponding base station is 103b: reporting the determined remaining power usage proportion allocated to
each base station and total power headroom of the UE to each corresponding base station.

[0048] Specifically, in step 102a, the determining, according to the communication information, a remaining power
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usage amount allocated to each base station may specifically include:

determining, according to the communication information, the remaining power usage proportion allocated to each
base station; and

determining, according to the remaining power usage proportion and the total power headroom of the UE, the
remaining power usage amount allocated to each base station.

[0049] Specifically, before step 103a, may further include:

when it is determined that a sum of the remaining power usage amounts allocated to all the base stations is greater
than the total power headroom of the UE, determining, according to importance of data transmitted by the UE to
each base station or communication quality of the communication between the UE and each base station, a scaling
factor for scaling down the remaining power usage amount allocated to each base station.

[0050] The total power headroom of the UE is a difference between a maximum transmit power of the UE and an
actual transmit power of the UE.

[0051] Step 103a of the reporting the determined remaining power usage amount allocated to each base station to
each corresponding base station includes:

scaling down, by using the determined scaling factor for scaling down the remaining power usage amount allocated
to each base station, the remaining power usage amount allocated to each base station, so as to re-obtain a remaining
power usage amount allocated to each base station and report to each base station to each corresponding base
station; or

reporting the determined remaining power usage amount allocated to each base station and the scaling factor to
each corresponding base station.

[0052] Specifically, the determined remaining power usage amount allocated to each base station and the scaling
factor are reported to each corresponding base station by means of a PHR.

[0053] Inthis embodiment of the present invention, a new PHR format is designed and used to include a power scaling
(PS, Power Scaling) factor. For example, as shown in FIG. 4, in an existing PHR format, 6 bit are used to represent a
PHR, and 1 or 2 bits may be divided to represent a specified scaling factor. As shown in Table 1, a bit representation
method and corresponding scaling factors may be pre-defined as a table.

[0054] Forexample, a macro base station is mainly used to control layer data, and important RRC signaling is primarily
considered. Therefore, a relatively small scaling factor may be set to ensure reliable data transmission. In addition, for
a link in a relatively poor channel condition (a link for communication between the UE and a small cell base station), the
scaling factor may be reduced.

[0055] Although the scaling factor occupies an extra PHR report bit, considering a reduced data amount and improved
data reliability in a double-link system in which data is split and different data is transmitted on different links, required
PHR representation bits may be correspondingly reduced.

Table 1: PS level of a PHR

PS Power Scaling Level

0 Power_Scaling_0

1 Power_Scaling_1

2 Power_Scaling_2

3 Power_Scaling_3

[0056] Specifically, when the communication information includes the historical scheduling information of the commu-
nication between the UE and each base station, step 103a of the determining, according to the communication information,
a remaining power usage amount allocated to each base station may include:

obtaining, according to the historical scheduling information, a historical remaining power generated when the UE
is scheduled by each base station; and

determining, according to the historical remaining power, the remaining power usage amount allocated to each base
station.
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[0057] To ensure uplink transmission between the UE and a base station (an eNB is used as an example), the UE
may determine, according to historical scheduling of the UE by the eNB, a remaining power usage amount allocated to
the eNB by the UE. A quantity of RBs for uplink transmission that are scheduled by the eNB for the UE in history, a MCS
(Modulation and Coding Scheme, modulation and coding scheme) and/or a higher layer configuration parameter related
to an uplink transmit power setting are known to the UE. The UE may calculate, according to one or more types of the
information, a remaining power usage amount consumed, or in other words, used by the UE under scheduling of the
eNB each time, and then determine the remaining power usage amount that should be allocated to the eNB. Certainly,
if a historical remaining power usage amount that is output by the UE under the scheduling of the eNB is directly recorded
at a UE side, the UE may make a decision according to the record and does not need to make a calculation.

[0058] For example, in some scenarios, the UE may determine, according to an average of the historical powers, an
uplink power allocated to the base station. For example, during a period of time T, an eNB schedules the UE three times
in total, and PUSCH sending powers of the UE are P1, P2, and P3 respectively. Therefore, the UE may determine that
the remaining power usage amount allocated to the eNB is P=(P1+P2+P3)/3.

[0059] P1, P2, and P3 may be obtained by using the following formula (1), that is, a PUSCH power calculation formula.

_ | Pemax (D
Ppyscy, () = min . . . . .
101log 1o (M pyscir, ¢ (D) + Fo_pusch, ¢ (/) + & (j) - PL. + Arp (D) + fo (D) (1)

[0060] In formula (1), Popmaxc(f) is @ maximum transmit power configured on the UE when a PUSCH channel is
transmitted on a subframe i in a cell ¢; Mpygcp (/) is @ quantity of RBs on the subframe i that are allocated to the PUSCH;
Po_pusch,cl) is an open-loop power control adjustment value, where j is related to a scheduling grant manner of the
PUSCH, j=0 when PUSCH transmission is granted by means of semi-persistent scheduling, j=1 when PUSCH trans-
mission is granted by means of dynamic scheduling, and j=2 when PUSCH transmission is granted by means of random
access response; a(j) is a partial path loss compensation value, and is determined by both a higher layer configuration
parameter and the variable j, where when j=0 or 1, the partial path loss compensation value is determined by a higher
layer configuration parameter in the cell ¢, or when j=2, a,(j)=1; PL_ is path loss of the serving cell ¢ that is measured
by the UE; Arg .(/) is a transport format compensation value; and f(i) is a closed-loop power control adjustment value,
and is determined by a power control command sent by the base station.

[0061] If the sum of the remaining power usage amounts allocated to all the base stations is greater than the total
power headroom of the UE, the scaling factor for scaling down the remaining power usage amount allocated to each
base station is determined according to the determined importance of data transmitted by the UE to each base station
or the communication quality of the communication between the UE and each base station. The remaining power usage
amount allocated to each base station is determined according to the scaling factor.

[0062] For example, in a double-link, a remaining power usage amount allocated by the UE to a macro base station
is PH1, and aremaining power usage amount allocated by the UE to a small cell base station is PH2. When PH1+PH2>PH
(the total power headroom of the UE), a scaling factor for scaling down remaining power usage amounts allocated to
the macro base station and the small cell base station is determined according to the determined importance of data
transmitted by the UE to each base station or the determined communication quality of the communication between the
UE and each base station (for example, greater importance of data communicatively transmitted to the macro base
station is determined, and a determining manner may be pre-determining or the like). For example, a scaling factor for
the macro base station is a1, and a scaling factor for the small cell base station is a.2. When PH1Xa1+PH2Xa2<PH is
satisfied, the remaining power usage amount allocated to the macro base station is determined as PH1Xa1, and the
remaining power usage amount allocated to the small cell base station is determined as PH2Xa.2.

[0063] Specifically, when the communication information includes the amount of to-be-transmitted data in the com-
munication between the UE and each base station (the amount of to-be-transmitted data may be an amount of data in
a buffer that is of the UE for each base station and used for uplink data transmission), the determining, according to the
communication information, the remaining power usage proportion of the remaining power allocated to each base station
may include:

obtaining, according to the amount of data in the buffer, the remaining power usage proportion allocated to each
base station, that is, a proportion of a remaining power usage amount allocated to each base station in the total
power headroom of the UE.

[0064] The remaining power usage amount allocated to each base station may be further determined according to
the proportion in the total power headroom of the UE.

[0065] A data buffer (buffer) of the UE is used to buffer to-be-sent uplink data. In an existing uplink CA technology,
the UE has only one buffer, and data in the buffer is sent by using different base stations. In a multi-link technology,
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because of a non-ideal backhaul between eNBs, the UE may have a buffer for each base station, and data in each buffer
may be sent only by using each corresponding base station. An amount of data in a buffer of the UE for a base station
represents a quantity of data that needs to be sent to the base station by the UE. A relatively fully occupied buffer
indicates that the UE needs to use a higher power to send data to the base station. Therefore, a power allocated to each
base station by the UE may be directly proportional to an amount of data in a buffer corresponding to each base station.
[0066] In an exemplary manner, the power allocated by the UE is directly proportional to the amount of data in the
buffer corresponding to each base station. In an example, there are two base stations, and PH1 and PH2 are an uplink
power allocated to a base station 1 by the UE and an uplink power allocated to a base station 2 by the UE respectively.
BSc1 and BSc2 are amounts of data in buffers corresponding to the two base stations respectively. If BSc1=BSc2=1000
bytes, PH1/PH2=BSc1/BSc2=1, that is, the power of the UE should be evenly divided between the two base stations.
In this embodiment of the present invention, when the two base stations schedule the UE at the same time, PH1+PH2<PH
is satisfied, where PH is the total power headroom of the UE.

[0067] Specifically, when the communication information includes the path loss power of the communication between
the UE and each base station, the determining, according to the communication information, the remaining power usage
proportion allocated to each base station may include:

obtaining, according to the path loss power, the remaining power usage proportion allocated to each base station,
that is, a proportion of a remaining power usage amount allocated to each base station in the total power headroom
of the UE.

[0068] The remaining power usage amount allocated to each base station may be further determined according to
the proportion in the total power headroom of the UE.

[0069] In an exemplary manner, the power allocated by the UE is directly proportional to the path loss power of each
base station. In an example, there are two base stations, and PH1 and PH2 are a remaining power usage amount
allocated to a base station 1 by the UE and a remaining power usage amount allocated to a base station 2 by the UE
respectively. BH1 and BH2 are path loss powers of communication between the UE and the two base stations respectively.
If BH1=BH2=10 bytes, PH1/PH2=BH1/BH2=1, that is, the power of the UE should be evenly divided between the two
base stations. In this embodiment of the present invention, when the two base stations schedule the UE at the same
time, PH1+PH2<PH is satisfied, where PH is the total power headroom of the UE.

[0070] An embodiment of the present invention further provides a coordinated power allocation method. As shown in
FIG. 5, the method may be executed by a base station, and the method includes the following steps:

Step 301: Determine communication information about communication between user equipment UE and each base
station.

[0071] Step 302: Report the communication information and a remaining power of the UE to each base station, so
that each base station determines, according to the communication information and the remaining power of the UE, a
first remaining power used for communication with the UE.

[0072] Afterreceivingthe communication information and the remaining power of the UE, each base station determines,
according to a same preset rule, the first remaining power used for the communication with the UE.

[0073] A base station determines, according to total power headroom of UE and communication information that is
reported by the UE and about communication between each base station and the UE, a remaining power used for
communication between the base station and the UE, so that an allocated power is more accurate, and a waste of
resources is avoided.

[0074] An embodiment of the present invention further provides a coordinated power allocation method. As shown in
FIG. 6, the method may be executed by a base station and includes the following steps:

Step 401: Receive total power headroom of UE and communication information that is sent by the UE and about
communication between the UE and each base station.

[0075] Step 402: Determine, according to the communication information and the total power headroom of the UE, a
first remaining power used for communication with the UE.

[0076] Afterreceivingthe communicationinformation and the remaining power of the UE, each base station determines,
according to a same preset rule, the first remaining power used for the communication with the UE.

[0077] The presetrule may be defined as a function in which the foregoing reported information is used as a parameter.
If definition of the function is consistent and known by the base stations, the function is referred to as a preset rule. The
total power headroom of the UE multiplying a value calculated by using the function is the power headroom used for the
communication between the base station and the UE. For example, in a double-link system, the function may be repre-

1"



10

15

20

25

30

35

40

45

50

55

EP 3 174 346 A1

sented as Func(A1, B1, C1)/Func(A2, B2, C2)), where A1, B1, and C1 are information factors sent by the foregoing UE
to a base station1, and A2, B2, and C2 are information factors sent by the foregoing UE to a base station2.

[0078] A base station determines, according to total power headroom of UE and communication information that is
reported by the UE and about communication between each base station and the UE, a remaining power used for
communication between the base station and the UE, so that an allocated power is more accurate, and a waste of
resources is avoided.

[0079] In this embodiment of the present invention, the communication information may include at least one of the
following:

an amount of to-be-transmitted data in the communication between the UE and each base station, where the amount
of to-be-transmitted data may be an amount of data in a buffer that is of the UE for each base station and used for
uplink data transmission;

historical scheduling information of the communication between the UE and each base station, where the historical
scheduling information may be scheduling information about scheduling of the UE by each base station in a period
of time before a current moment; or

a path loss power of the communication between the UE and each base station.

[0080] Inan embodiment, the determining, according to the communication information and the total power headroom
of the UE, a first remaining power used for communication with the UE specifically includes:

determining, according to the communication information, a first pre-allocated remaining power used for the com-
munication with the UE;

obtaining a second pre-allocated remaining power used for communication between the UE and another base station
communicating with the UE;

if it is determined that a sum of the second pre-allocated remaining power and the first pre-allocated remaining
power is greater than the total power headroom of the UE, re-determining, according to a priority of the communication
between each base station and the UE, a first pre-allocated remaining power and a second pre-allocated remaining
power that are used for the communication with the UE; and

determining the re-determined first pre-allocated remaining power as the first remaining power used for the com-
munication with the UE.

[0081] For example, in a double-link system, a macro base station determines, according to the communication infor-
mation, a first pre-allocated remaining power used for communication with the UE, and obtains a second pre-allocated
remaining power used for communication between the UE and a small cell base station communicating with the UE. If
it is determined that a sum of the second pre-allocated remaining power and the first pre-allocated remaining power is
greater than the total power headroom of the UE, the macro base station re-determines, according to preset priorities
of the communication between the macro base station and the UE and between the small cell base station and the UE,
a first pre-allocated remaining power used for the communication with the UE. For example, it is preset that the priority
of the communication between the macro base station and the UE is higher than that of the communication between
the small cell base station and the UE. The macro base station determines that the first remaining power used for the
communication with the UE remains unchanged. A difference between the total power headroom of the UE and the first
pre-allocated remaining power is determined as a second pre-allocated remaining power used for the communication
between the small cell base station and the UE, and the re-determined first pre-allocated remaining power is determined
as the first remaining power used for the communication with the UE.

[0082] In an embodiment of the present invention, the determining, according to the communication information and
the total power headroom of the UE, a first remaining power used for communication with the UE, that is, step 402,
specifically includes:

determining, according to the communication information, a first pre-allocated remaining power used for the com-
munication with the UE;

obtaining a second pre-allocated remaining power used for communication between the UE and another base station
communicating with the UE; and

when it is determined that a sum of the second remaining power and the first remaining power is greater than the
total power headroom of the UE, negotiating with the another base station to re-determine a first pre-allocated
remaining power and a second pre-allocated remaining power, until a sum of the re-determined first pre-allocated
remaining power and the re-determined second pre-allocated remaining power is not greater than the total power
headroom of the UE; and determining the re-determined first pre-allocated remaining power as the first remaining
power used for the communication with the UE.

12



10

15

20

25

30

35

40

45

50

55

EP 3 174 346 A1

[0083] Specifically, when the communication information includes the historical scheduling information of the commu-
nication between the UE and each base station, the determining, according to the communication information, a first
pre-allocated remaining power used for the communication with the UE may include:

determining, by the base station according to the historical scheduling information, a historical remaining power
usage amount generated when the UE is scheduled by the base station; and

determining, according to the historical remaining power usage amount, the first pre-allocated remaining power
used for the communication with the UE.

[0084] For example, in some scenarios, the bases station may determine, according to an average of historical re-
maining power usage amounts in the historical scheduling information, the first remaining power used for the commu-
nication with the UE. For example, during a period of time T, an eNB schedules the UE three times in total, and PUSCH
sending powers of the UE are P1, P2, and P3 respectively. The UE sends the three historical remaining power usage
amounts to the eNB, so thatthe eNB may determine the first remaining power P=(P1+P2+P3)/3. The preset rule followed
by all the base stations is calculating an average of historical remaining power usage amounts in historical scheduling
information.

[0085] Specifically, when the communication information includes the amount of to-be-transmitted data in the com-
munication between the UE and each base station (the amount of to-be-transmitted data may be an amount of data in
a buffer that is of the UE for each base station and used for uplink data transmission), the determining, according to the
communication information and the total power headroom of the UE, a first remaining power used for communication
with the UE may include:

determining, by the base station according to an amount of data that is sent by the UE from a buffer for the base
station, a proportion of the first remaining power used for the communication with the UE in the total power headroom
of the UE; and

determining, according to the proportion in the total power headroom of the UE, the first remaining power used for
the communication with the UE.

[0086] A data buffer (buffer) of the UE is used to buffer to-be-sent uplink data. In an existing uplink CA technology,
the UE has only one buffer, and data in the buffer is sent by using different base stations. In a multi-link technology,
because of a non-ideal backhaul between eNBs, the UE may have a buffer for each base station, and data in each buffer
may be sent only by using each corresponding base station. An amount of data in a buffer of the UE for a base station
represents a quantity of data that needs to be sent to the base station by the UE. A relatively fully occupied buffer
indicates that the UE needs to use a higher power to send data to the base station. Therefore, a power allocated to each
base station by the UE may be directly proportional to an amount of data in a buffer corresponding to each base station.
[0087] In an exemplary manner, a remaining power that is determined by each base station and used for the commu-
nication with the UE is directly proportional to the amount of data in the buffer corresponding to each base station. In
an example, there are two base stations, and PH1 and PH2 are a remaining power that is determined by a base station
1 and used for communication with the UE and a remaining power that is determined by a base station 2 and used for
communication with the UE respectively. BSc1 and BSc2 are amounts of data in buffers corresponding to the two base
stationsrespectively. [ BSc1=BSc2=1000 bytes, PH1/PH2=BSc1/BSc2=1, thatis, the remaining powerthatis determined
by the base station 1 and used for the communication with the UE is equal to the remaining power that is determined
by the base station 2 and used for the communication with the UE. In this embodiment of the present invention, when
the two base stations schedule the UE atthe same time, PH1+PH2<PH is satisfied, where PH is the total power headroom
remaining power of the UE.

[0088] Specifically, when the communication information includes the path loss power of the communication between
the UE and each base station, the determining, according to the communication information and the total power headroom
of the UE, a first remaining power used for communication with the UE may include:

determining, according to the path loss power, a proportion of the first power headroom used for the communication
with the UE in the total power headroom of the UE; and

determining, according to the proportion in the total power headroom of the UE, the first remaining power used for
the communication with the UE.

[0089] In an exemplary manner, a remaining power that is determined by each base station and used for the commu-
nication with the UE is directly proportional to the path loss power of each base station. In an example, there are two
base stations, and PH1 and PH2 are a remaining power that is determined by a 1 and used for communication with the
UE and a remaining power that is determined by a base station 2 and used for communication with the UE respectively.
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BH1 and BH2 are a path loss power of communication with the base station 1 and a path loss power of communication
with the base station 2 respectively. If BH1=BH2=10 bytes, PH1/PH2=BH1/BH2=1, that is, the remaining power that is
determined by the base station 1 and used for the communication with the UE is equal to the remaining power that is
determined by the base station 2 and used for the communication with the UE. In this embodiment of the present
invention, when the two base stations schedule the UE at the same time, PH1+PH2<PH is satisfied, where PH is the
total power headroom of the UE.

[0090] Inanembodiment, specifically, the negotiating with the another base station to re-determine a first pre-allocated
remaining power and a second pre-allocated remaining power may specifically include:

negotiating with the another base station to re-determine a closed-loop power control adjustment value;

+sending a determined closed-loop power control adjustment value to the UE; and

receiving a first pre-allocated remaining power and a second pre-allocated remaining power that are recalculated
by the UE according to the determined closed-loop power control adjustment value and/or transport format com-
pensation value and a re-determined closed-loop power control adjustment value and/or transport format compen-
sation value sent by the another base station.

[0091] An original closed-loop power control adjustment value corresponding to each base station may be sent by the
UE, or may be actively obtained by the base station, and all the base stations negotiate to re-determine a closed-loop
power control adjustment value according to the original closed-loop power control adjustment value.

[0092] Specifically, the UE may calculate PH according to various existing formulas. For example, in carrier aggregation,
two types of power headroom PH are defined: Type 1 and Type 2.

[0093] In a manner for Type 1:

When the UE sends a PUSCH and does not send a PUCCH on a subframe i in a cell c,
PH!ypel.c(i) = Poyax (D) = { 10108 o (M pyse . (D) + Py pusen, « () + &, (J) - PL. + Ag (D + f,()}[dB] (2)’

where Pgyax c(/) is @ maximum transmit power configured on the UE when a PUSCH channel is transmitted on a
subframe i in a cell c.

[0094] When the UE sends a PUSCH and a PUCCH on a subframe i in a cell c,

PI—Itypel,c @)= IN)CMAXL‘(i)_ { 10log,, (MPUSCH;: @+ PO,PUSCH(; N+e,()H-PL + ATF,C O+ [0 }[dB] (3)

where TDCMAX,C(’) is a maximum transmit power of the UE when a PUSCH channel is transmitted on a subframe i in a
cell ¢ but it is assumed that the UE performs transmission only over a PUCCH.

[0095] For meanings of other parameters in the foregoing two formulas, refer to formula (1).

[0096] When it is determined that the sum of the second pre-allocated remaining power and the first pre-allocated
remaining power is greater than the total power headroom of the UE, the base station negotiates with the another base
station to re-determine a closed-loop power control adjustment value for each base station. All the base stations send
re-determined closed-loop power control adjustment values to the UE, so that the UE recalculates, by using formula (2)
or formula (3), afirst pre-allocated remaining power and a second pre-allocated remaining power for all the base stations
respectively according to the closed-loop power control adjustment values sent by all the base stations, and sends the
calculated first pre-allocated remaining power and second pre-allocated remaining power to each corresponding base
station.

[0097] Alternatively, when it is determined that the sum of the second pre-allocated remaining power and the first pre-
allocated remaining power is greater than the total power headroom of the UE, the base station negotiates with the
another base station to re-determine a transport format compensation value Arg (/) for each base station. All the base
stations send re-determined transport format compensation values Arg (/) to the UE, so that the UE re-determines, by
using formula (2) or formula (3), a first pre-allocated remaining power and a second pre-allocated remaining power for
all the base stations respectively according to the transport format compensation values A7 ((/) sent by all the base
stations.

[0098] An original transport format compensation value corresponding to each base station may be sent by the UE,
or may be actively obtained by the base station, and all the base stations negotiate to re-determine the transport format
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compensation value according to the original transport format compensation value.

[0099] Alternatively, when it is determined that the sum of the second pre-allocated remaining power and the first pre-
allocated remaining power is greater than the total power headroom of the UE, the base station negotiates with the
another base station to re-determine a closed-loop power control adjustment value f(i) and a transport format compen-
sation value f(i) for each base station. All the base stations send re-determined f.(/) and Arg (i) to the UE, so that the
UE recalculates, by using formula (2) or formula (3), a first pre-allocated remaining power and a second pre-allocated
remaining power for all the base stations respectively according to f.(/) and Arg (i) sent by all the base stations.
[0100] An original closed-loop power control adjustment value and an original transport format compensation value
that are corresponding to each base station may be sent by the UE, or may be actively obtained by the base station,
and all the base stations cooperate to re-determine the closed-loop power control adjustment value and the transport
format compensation value according to the original closed-loop power control adjustment value and the original transport
format compensation value.

[0101] For example, in a double-link system, it is assumed that a pre-allocated remaining power determined by the
UE for a macro base station is PH1, and a pre-allocated remaining power determined by the UE for a small cell base
station is PH2. If the macro base station and the small cell base station determine that PH1+PH2>PH (the total power
headroom of the UE), the macro base station and the small cell base station negotiate to determine f.(i). For example,
a same value is subtracted from f (i) of the macro base station and the small cell base station separately, or the macro
base station and the small cell base station are proportionally reduced according to a ratio of PH1 to PH2. The macro
base station and the small cell base station send re-determined (/) to the UE. The UE recalculates PH1 for the macro
base station and recalculates PH2 for the small cell base station by using formula (2) or formula (3), and sends re-
determined PH1 and PH2 to the two base stations. The two base stations re-determine whether a sum of received PH1
and PH2 is not greater than the total power headroom of the UE. If the sum of received PH1 and PH2 is greater than
the total power headroom of the UE, the two base stations re-determine f (i) corresponding to the two base stations,
until a sum of PH1 and PH2 is not greater than the total power headroom of the UE.

[0102] During calculation, the base stations cooperate (i) and/or Arg (i) in the two dynamic offset (offset) values, so
that actually used remaining power usage amounts can efficiently coordinate on all independent links. Based on this,
the eNB may perform scheduling more efficiently.

[0103] An embodiment of the present invention further provides a coordinated power allocation method. As shown in
FIG. 7, the method includes the following steps:

Step 501: Receive a first remaining power reported by UE.

[0104] Step 502: Obtain a second remaining power that is reported by the UE and received by another base station
communicating with the UE.

[0105] Step 503: When it is determined that a sum of the second remaining power and the first remaining power is
greater than total power headroom of the UE, negotiate with the another base station to re-determine a first remaining
power and a second remaining power, until a sum of the re-determined first remaining power and the re-determined
second remaining power is not greater than the total power headroom of the UE.

[0106] Specifically, the negotiating with the another base station to re-determine a first remaining power and a second
remaining power may be implemented in the following manners.

[0107] A first implementation manner includes:

negotiating with the another base station to re-determine a closed-loop power control adjustment value for each
base station;

sending a determined closed-loop power control adjustment value and/or transport format compensation value to
the UE; and

receiving a first remaining power and a second remaining power that are recalculated by the UE according to the
determined closed-loop power control adjustment value and/or transport format compensation value and a re-
determined closed-loop power control adjustment value and/or transport format compensation value sent by the
another base station.

[0108] When it is determined that the sum of the second remaining power and the first remaining power is greater
than the total power headroom of the UE, f(/) is re-determined for each base station by negotiating with another base
station. All the base stations send re-determined f(i) to the UE, so that the UE re-determines, by using formula (2) and
formula (3), a first remaining power and a second remaining power for all the base stations respectively according to
f,(i) sent by all the base stations. The first remaining power and the second remaining power that are recalculated by
the UE according to determined Arg (i) and re-determined Az (i) sent by another base station are received.

[0109] Alternatively, when it is determined that the sum of the second remaining power and the first remaining power
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is greater than the total power headroom of the UE, a transport format compensation value Arg (i) is re-determined for
each base station by negotiating with another base station. All the base stations send re-determined transport format
compensation values Arg () to the UE, so that the UE re-determines, by using formula (2) and formula (3), a first
remaining power and a second remaining power for all the base stations respectively according to A .(/) sent by all
the base stations. The first remaining power and the second remaining power that are recalculated by the UE according
to determined A o(/) and re-determined Arg (/) sent by another base station are received.

[0110] Alternatively, when it is determined that the sum of the second remaining power and the first remaining power
is greater than the total power headroom of the UE, a closed-loop power control adjustment value f (/) and a transport
format compensation value A7g (i) are re-determined for each base station by cooperating with another base station.
All the base stations send re-determined f(i) and re-determined Az (i) to the UE, so that the UE re-determines, by
using formula (2) and formula (3), a first remaining power and a second remaining power for all the base stations
respectively according to f,(/) and A7 (/) sentby all the base stations. The first remaining power and the second remaining
power that are recalculated by the UE according to determined Ag (/) and re-determined A (/) sent by another base
station are received.

[0111] For example, in a double-link system, it is assumed that a first remaining power determined by the UE for a
macro base station is PH1, and a second remaining power determined by the UE for a small cell base station is PH2.
If the macro base station and the small cell base station determine that PH1+PH2>PH (the total power headroom of the
UE), the macro base station cooperates with the small cell base station to determine f.(i). For example, a same value
is subtracted from f(i) of the macro base station and the small cell base station separately, or the macro base station
and the small cell base station are proportionally reduced according to a ratio of the first remaining power to the second
remaining power. The macro base station and the small cell base station send re-determined () to the UE. The UE
recalculates PH1 for the macro base station and recalculates PH2 for the small cell base station by using formula (2)
or formula (3).

[0112] During calculation, the base stations cooperate f.(i) and/or Arg (i) in the two dynamic offset (offset) values, so
that actually used remaining power usage amounts can efficiently coordinate on all independent links. Based on this,
the eNB may perform scheduling more efficiently.

[0113] A second implementation manner includes:

re-determining, according to a priority of communication between each base station and the UE, a first remaining
power used for communication with the UE.

[0114] For example, specifically, a first remaining power allocated to a macro base station is PH1, and a second
remaining power allocated to a small cell base station is PH2. If it is determined that a sum of the second remaining
power and the first remaining power is greater than the total power headroom of the UE, a first remaining power used
for the communication with the UE is re-determined according to preset priorities of communication between the macro
base station and the UE and between the small cell base station and the UE. For example, it is preset that the priority
of the communication between the macro base station and the UE is higher than that of the communication between
the small cell base station and the UE. The macro base station determines that the first remaining power used for the
communication with the UE remains unchanged, and a difference between the power headroom and the first remaining
power is determined as a second remaining power used for the communication between the small cell base station and
the UE.

[0115] A third implementation manner includes:

re-determining, according to a scaling factor of communication between each base station and the UE, a first
remaining power used for communication with the UE.

[0116] The scaling factor may be preset, or may be determined according to determined importance of data transmitted
by the UE to each base station or determined communication quality of the communication between the UE and each
base station.

[0117] For example, a first remaining power allocated to a macro base station is PH1, and a second remaining power
allocated to a small cell base station is PH2. If it is determined that a sum of the second remaining power and the first
remaining power is greater than the total power headroom of the UE, a first remaining power used for communication
with the UE is re-determined according to determined scaling factors of communication between the macro base station
and the UE and between the small cell base station and the UE. For example, if the scaling factor re-determined for the
macro base station is alpha1, and the scaling factor determined for the small cell base station is alpha2, a re-determined
first remaining power used for the communication between the macro base station and the UE is PH1Xalpha1, and a
re-determined second remaining power used for the communication between the small cell base station and the UE is
PH2Xxalpha2. Moreover, it can be ensured that alpha1xPH1+alpha2xPH2<PH (the total power headroom of the UE).
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[0118] Alternatively, according to importance of data transmitted by the UE to the macro base station and the small
cell base station or communication quality of the communication between the macro base station and the UE and between
the small cell base station and the UE (in this embodiment of the present invention, for example, data transmitted by
the UE to the macro base station is more important), if a scaling factor used for the communication between the macro
base station and the UE is alpha1, and a re-determined first remaining power is alpha1xPH1, the macro base station
sends the re-determined first remaining power to the small cell base station, and the small cell base station re-determines,
according to the received first remaining power sent by the macro base station and the total power headroom of the UE,
a second remaining power used for the communication with the UE. The re-determined second remaining power is PH-
PH1xalpha1, where PH is the total power headroom of the UE.

[0119] An embodiment of the present invention further provides a coordinated power allocation method, and the
method includes:

when it is determined that a sum of uplink powers allocated to all base stations is greater than a maximum transmit
power of the UE, determining, according to importance of data transmitted by the UE to each base station or
communication quality of communication between the UE and each base station, a scaling factor for scaling down
an uplink power allocated to each base station; and

scaling down, by using the determined scaling factor for scaling down the uplink power allocated to each base
station, the uplink power allocated to each base station, so as to re-obtain an uplink power allocated to each base
station and report the re-obtained uplink power allocated to each base station to each corresponding base station;
or reporting the remaining power usage amount allocated to each base station and the scaling factor to each
corresponding base station.

[0120] The uplink power may be a power allocated to each base station by the UE according to communication
information, may be a remaining power reported to each base station by the UE in the prior art, or may be an uplink
transmit power determined by the UE for each base station, which is not specifically limited in the present invention.
[0121] Specifically, the determined remaining power usage amount allocated to each base station and the scaling
factor are reported to each corresponding base station by means of a PHR.

[0122] Inthis embodiment of the present invention, a new PHR format is designed and used to include a power scaling
(PS, Power Scaling) factor. For example, as shown in FIG. 4, in an existing PHR format, 6 bit are used to represent a
PHR, and 1 or 2 bits may be divided to represent a specified scaling factor. As shown in Table 1, a bit representation
method and corresponding scaling factors may be pre-defined as a table.

[0123] For example, a macro base station is mainly used to transmit control layer data, and important RRC signaling
is primarily considered. Therefore, a relatively small scaling factor may be set to ensure reliable data transmission. In
addition, for a link in a relatively poor channel condition (a link for communication between the UE and a small cell base
station), the scaling factor may be reduced.

[0124] Although the scaling factor occupies an extra PHR report bit, considering a reduced data amount and improved
data reliability in a double-link system in which data is split and different data is transmitted on different links, required
PHR representation bits may be correspondingly reduced.

[0125] In the method provided in this embodiment of the present invention, it can be ensured that uplink powers
allocated to all base stations do not exceed a maximum transmit power of UE, which optimizes scheduling. Moreover,
the allocated uplink power is proportionally reduced according to a communication status between the UE and each
base station, which is more conducive to matching a status of each communication link when the base station performs
the scheduling.

[0126] Anembodiment of the present invention provides a coordinated power allocation apparatus, and the apparatus
may be deployed at a user equipment side. As shown in FIG. 8, the apparatus includes:

a determining unit 601, configured to determine communication information about communication between user
equipment UE and each base station, and determine, according to the communication information, remaining power
usage information allocated to each base station; and

a sending unit 602, configured to report the remaining power usage information that is allocated to each base station
and determined by the determining unit 601 to each corresponding base station.

[0127] How the UE notifies the base station of remaining power usage information allocated to the base station is not
limited in this embodiment of the present invention. The UE may notify, by using various existing manners or approaches
for communication with a base station, the base station of the remaining power usage information allocated to the base
station.

[0128] In this embodiment of the present invention, at a UE side, a power of UE is actively allocated to each base
station according to communication information about communication between the UE and each base station, that is,
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the UE actively determines, according to some communication information, a remaining power that should be allocated
to each base station, and reports usage information about the allocated remaining power to each corresponding base
station. Therefore, a problem of uplink power coordination of the UE between base stations is resolved at the UE side,
and an allocated power is more accurate, which avoids a waste of resources.

[0129] Specifically, the communication information that is determined by the determining unit and about the commu-
nication between the user equipment UE and each base station includes at least one of the following:

an amount of to-be-transmitted data in the communication between the UE and each base station;
historical scheduling information of the communication between the UE and each base station; or
a path loss power of the communication between the UE and each base station.

[0130] The determining unit may determine a remaining power usage amount allocated to each base station or a
remaining power usage proportion allocated to each base station as the remaining power usage information allocated
to each base station.

[0131] The sending unit 602 is further configured to: if the remaining power usage information that is allocated to each
base station and determined by the determining unit 601 is the remaining power usage proportion allocated to each
base station, after the remaining power usage information allocated to each base station is determined, report total
power headroom of the UE to each corresponding base station.

[0132] In an embodiment, the apparatus further includes a processing unit.

[0133] The determining unit 601 is further configured to: when the remaining power usage information that is allocated
to each base station and determined according to the communication information is the remaining power usage amount
allocated to each base station, and when it is determined that a sum of the remaining power usage amounts allocated
to all the base stations is greater than the total power headroom of the UE, before the determined remaining power
usage amount allocated to each base station is reported to each corresponding base station, determine, according to
importance of data transmitted by the UE to each base station or communication quality of the communication between
the UE and each base station, a scaling factor for scaling down the remaining power usage amount allocated to each
base station.

[0134] The processing unitis configured to scale down, by using the scaling factor that is determined by the determining
unit and for scaling down the remaining power usage amount allocated to each base station, the remaining power usage
amount allocated to each base station, so as to re-obtain a remaining power usage amount allocated to each base
station. The sending unit is configured to report the re-obtained remaining power usage amount allocated to each base
station to each corresponding base station.

[0135] Inanembodiment, the determining unit601 is further configured to: when the remaining power usage information
that is allocated to each base station and determined according to the communication information is the remaining power
usage amount allocated to each base station, and when it is determined that a sum of the remaining power usage
amounts allocated to all the base stations is greater than the total power headroom of the UE, before the determined
remaining power usage amount allocated to each base station is reported to each corresponding base station, determine,
according toimportance of data transmitted by the UE to each base station or communication quality of the communication
between the UE and each base station, a scaling factor for scaling down the remaining power usage amount allocated
to each base station.

[0136] The sending unit 602 is configured to report the remaining power usage amount that is allocated to each base
station and determined by the determining unit 601 and the scaling factor to each corresponding base station.

[0137] Specifically, the sending unit 602 reports, by means of a PHR, the determined remaining power usage amount
allocated to each base station and the scaling factor to each corresponding base station.

[0138] In an embodiment, the determining unit 601 is configured to:

determine, according to the communication information, the remaining power usage proportion allocated to each
base station; and

determine, according to the remaining power usage proportion and the total power headroom of the UE, the remaining
power usage amount allocated to each base station.

[0139] Specifically, when the communication information includes the historical scheduling information of the commu-
nication between the UE and each base station, step 103a of the determining, according to the communication information,
a remaining power usage amount allocated to each base station may include:

obtaining, according to the historical scheduling information, a historical remaining power generated when the UE

is scheduled by each base station; and
determining, according to the historical remaining power, the remaining power usage amount allocated to each base
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station.

[0140] Specifically, when the communication information includes the amount of to-be-transmitted data in the com-
munication between the UE and each base station (the amount of to-be-transmitted data may be an amount of data in
a buffer that is of the UE for each base station and used for uplink data transmission), the determining, by the determining
unit 601 according to the communication information, a remaining power usage proportion allocated to each base station
may be specifically:

determining, according to the amount of data in the buffer, the remaining power usage proportion allocated to each
base station, that is, a proportion of a remaining power usage amount allocated to each base station in the total
power headroom of the UE.

[0141] The remaining power usage amount allocated to each base station may be further determined according to
the proportion in the total power headroom of the UE.
[0142] Specifically, when the communication information includes the path loss power of the communication between
the UE and each base station, the determining, according to the communication information, the remaining power usage
proportion allocated to each base station may include:

obtaining, according to the path loss power, the remaining power usage proportion allocated to each base station,
that is, a proportion of a remaining power usage amount allocated to each base station in the total power headroom
of the UE.

[0143] The remaining power usage amount allocated to each base station may be further determined according to
the proportion in the total power headroom of the UE.

[0144] Anembodiment of the present invention provides a coordinated power allocation apparatus, and the apparatus
may be deployed at a base station side. As shown in FIG. 9, the apparatus includes:

areceiving unit 701, configured to receive total power headroom of UE and communication information that is sent
by the UE and about communication between the UE and each base station; and

a determining unit 702, configured to determine, according to the communication information and the total power
headroom of the UE that are received by the receiving unit 701, a first remaining power used for communication
with the UE.

[0145] Afterreceivingthe communication information and the remaining power of the UE, each base station determines,
according to a same preset rule, the first remaining power used for the communication with the UE.

[0146] The presetrule may be defined as a function in which the foregoing reported information is used as a parameter.
If definition of the function is consistent and known by the base stations, the function is referred to as a preset rule. The
total power headroom of the UE multiplying a value calculated by using the function is the remaining power used for the
communication between the base station and the UE. For example, in a double-link system, the function may be repre-
sented as Func(A1, B1, C1)/Func(A2, B2, C2)), where A1, B1, and C1 are information factors sent by the foregoing UE
to a base station1, and A2, B2, and C2 are information factors sent by the foregoing UE to a base station2.

[0147] In an embodiment, the determining unit 702 is specifically configured to:

determine, according to the communication information, a first pre-allocated remaining power used for the commu-
nication with the UE;

obtain a second pre-allocated remaining power used for communication between the UE and another base station
communicating with the UE;

if it is determined that a sum of the second pre-allocated remaining power and the first pre-allocated remaining
power is greater than the total power headroom of the UE, negotiate with the another base station to re-determine
a first pre-allocated remaining power and a second pre-allocated remaining power, until a sum of the re-determined
first pre-allocated remaining power and the re-determined second pre-allocated remaining power is not greater than
the total power headroom of the UE; and

determine the re-determined first pre-allocated remaining power as the first remaining power used for the commu-
nication with the UE.

[0148] Specifically, when the communication information includes the historical scheduling information of the commu-

nication between the UE and each base station, the determining, by the determining unit 702 according to the commu-
nication information, a first pre-allocated remaining power used for the communication with the UE may be specifically
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implemented in the following manner:

determining, by the determining unit 702 of the base station according to the historical scheduling information, a
historical remaining power usage amount generated when the UE is scheduled by the base station; and
determining, according to the historical remaining power usage amount, the first pre-allocated remaining power
used for the communication with the UE.

[0149] Specifically, when the communication information includes the amount of to-be-transmitted data in the com-
munication between the UE and each base station (the amount of to-be-transmitted data may be an amount of data in
a buffer that is of the UE for each base station and used for uplink data transmission), the determining, by the determining
unit 702 of the base station according to the communication information and the total power headroom of the UE, a first
remaining power used for communication with the UE may be specifically implemented in the following manner:

determining, by the determining unit 702 of the base station according to an amount of data that is sent by the UE
from a buffer for the base station, a proportion of the first remaining power used for the communication with the UE
in the total power headroom of the UE; and

determining, according to the proportion in the total power headroom of the UE, the first remaining power used for
the communication with the UE.

[0150] Specifically, when the communication information includes the path loss power of the communication between
the UE and each base station, the determining, by the determining unit 702 according to the communication information
and the total power headroom of the UE, a first remaining power used for communication with the UE may be specifically
implemented in the following manner:

determining, according to the path loss power, a proportion of the first remaining power used for the communication
with the UE in the total power headroom of the UE; and

determining, according to the proportion in the total power headroom of the UE, the first remaining power used for
the communication with the UE.

[0151] Specifically, the determining unit 702 is specifically configured to negotiate with the another base station to re-
determine a closed-loop power control adjustment value and/or transport format compensation value, and send a de-
termined closed-loop power control adjustment value and/or transport format compensation value to the UE.

[0152] The receiving unit 701 is further configured to receive a first pre-allocated remaining power and a second pre-
allocated remaining power that are recalculated by the UE according to the determined closed-loop power control
adjustment value and/or transport format compensation value and a re-determined closed-loop power control adjustment
value and/or transport format compensation value sent by the another base station.

[0153] In an embodiment, the determining unit 702 is configured to:

determine, according to the communication information, a first pre-allocated remaining power used for the commu-
nication with the UE;

obtain a second pre-allocated remaining power used for communication between the UE and another base station
communicating with the UE;

if it is determined that a sum of the second pre-allocated remaining power and the first pre-allocated remaining
power is greater than the total power headroom of the UE, re-determine, according to a priority of the communication
between each base station and the UE, a first pre-allocated remaining power and a second pre-allocated remaining
power that are used for the communication with the UE; and

determine the re-determined first pre-allocated remaining power as the first remaining power used for the commu-
nication with the UE.

[0154] For example, in a double-link system, a macro base station determines, according to the communication infor-
mation, a first pre-allocated remaining power used for communication with the UE, and obtains a second pre-allocated
remaining power used for communication between the UE and a small cell base station communicating with the UE. If
it is determined that a sum of the second pre-allocated remaining power and the first pre-allocated remaining power is
greater than the total power headroom of the UE, the macro base station re-determines, according to preset priorities
of the communication between the macro base station and the UE and between the small cell base station and the UE,
a first pre-allocated remaining power used for the communication with the UE. For example, it is preset that the priority
of the communication between the macro base station and the UE is higher than that of the communication between
the small cell base station and the UE. The macro base station determines that the first remaining power used for the
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communication with the UE remains unchanged. A difference between the total power headroom of the UE and the first
pre-allocated remaining power is determined as a second pre-allocated remaining power used for the communication
between the small cell base station and the UE, and the re-determined first pre-allocated remaining power is determined
as the first remaining power used for the communication with the UE.

[0155] An embodiment of the present invention further provides a coordinated power allocation apparatus. As shown
in FIG. 10, the apparatus includes:

a receiving unit 801, configured to receive a first remaining power reported by user equipment UE;

an obtaining unit 802, configured to obtain a second remaining power that is reported by the UE and received by
another base station communicating with the UE; and

a determining unit 803, configured to: when it is determined that a sum of the second remaining power and the first
remaining power is greater than total power headroom of the UE, negotiate with the another base station to re-
determine a first remaining power and a second remaining power, until a sum of the re-determined first remaining
power and the re-determined second remaining power is not greater than the total power headroom of the UE.

[0156] In an embodiment, the apparatus further includes a sending unit.

[0157] The determining unit 803 is configured to negotiate with the another base station to re-determine a closed-loop
power control adjustment value and/or transport format compensation value.

[0158] Thesendingunitis configuredtosend a determined closed-loop power control adjustment value and/or transport
format compensation value to the UE.

[0159] The receiving unit 801 is further configured to receive a first remaining power and a second remaining power
that are recalculated by the UE according to the determined closed-loop power control adjustment value and/or transport
format compensation value and a re-determined closed-loop power control adjustment value and/or transport format
compensation value sent by the another base station.

[0160] In an embodiment, the determining unit 803 is configured to:

re-determine, according to a priority of the communication between each base station and the UE, a first remaining
power and a second remaining power that are used for the communication with the UE.

[0161] An embodiment of the present invention further provides a coordinated power allocation apparatus, and the
apparatus may be deployed at a user equipment side. The apparatus includes:

a processing unit, configured to: when it is determined that a sum of uplink powers allocated to all base stations is
greater than a maximum transmit power of the UE, determine, according to importance of data transmitted by the
UE to each base station or communication quality of communication between the UE and each base station, a
scaling factor for scaling down an uplink power allocated to each base station, and

scale down, by using the determined scaling factor for scaling down the uplink power allocated to each base station,
the uplink power allocated to each base station, so as to re-obtain an uplink power allocated to each base station; and
a sending unit, configured to report the re-obtained uplink power allocated to each base station to each corresponding
base station, or report the uplink power allocated to each base station and the scaling factor to each corresponding
base station.

[0162] The uplink power may be a power allocated to each base station by the UE according to communication
information, may be a remaining power reported to each base station by the UE in the prior art, or may be an uplink
transmit power determined by the UE for each base station, which is not specifically limited in the present invention.
[0163] In the apparatus provided in this embodiment of the present invention, it can be ensured that uplink powers
allocated to all base stations do not exceed a maximum transmit power of UE, which optimizes scheduling. Moreover,
the allocated uplink power is proportionally reduced according to a communication status between the UE and each
base station, which is more conducive to matching a status of each communication link when the base station performs
the scheduling.

[0164] An embodiment of the present invention provides user equipment, including:

a processor, configured to determine communication information about communication between the user equipment
UE and each base station, and determine, according to the communication information, remaining power usage
information allocated to each base station; and

a transceiver, configured to report the remaining power usage information that is allocated to each base station and
determined by the determining unit 601 to each corresponding base station.
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[0165] Specifically, the communication information that is determined by the processor and about the communication
between the user equipment UE and each base station includes at least one of the following:

an amount of to-be-transmitted data in the communication between the UE and each base station;
historical scheduling information of the communication between the UE and each base station; or
a path loss power of the communication between the UE and each base station.

[0166] The processor may determine a remaining power usage amount allocated to each base station or a remaining
power usage proportion allocated to each base station as the remaining power usage information allocated to each base
station.

[0167] Ifthe remaining power usage information that is allocated to each base station and determined by the processor
is the remaining power usage proportion allocated to each base station, after the remaining power usage information
allocated to each base station is determined, the transceiver reports total power headroom of the UE to each corre-
sponding base station.

[0168] In an embodiment, when the processor determines, according to the communication information, that the
remaining power usage information allocated to each base station is the remaining power usage amount allocated to
each base station, and when the processor determines that a sum of the remaining power usage amounts allocated to
all the base stations is greater than the total power headroom of the UE, before the transceiver reports the determined
remaining power usage amount allocated to each base station to each corresponding base station, the processor
determines, according to importance of data transmitted by the UE to each base station or communication quality of the
communication between the UE and each base station, a scaling factor for scaling down the remaining power usage
amount allocated to each base station, and scales down, by using the scaling factor that is determined by the determining
unit and for scaling down the remaining power usage amount allocated to each base station, the remaining power usage
amount allocated to each base station, so as to re-obtain a remaining power usage amount allocated to each base
station. The transceiver is configured to report the remaining power usage amount that is allocated to each base station
and re-obtained by the processor to each corresponding base station.

[0169] In an embodiment, when determining, according to the communication information, that the remaining power
usage information allocated to each base station is the remaining power usage amount allocated to each base station,
and when determining that a sum of the remaining power usage amounts allocated to all the base stations is greater
than the total power headroom of the UE, before the determined remaining power usage amount allocated to each base
station is reported to each corresponding base station, the processor determines, according to importance of data
transmitted by the UE to each base station or communication quality of the communication between the UE and each
base station, a scaling factor for scaling down the remaining power usage amount allocated to each base station. The
transceiver reports the remaining power usage amount that is allocated to each base station and determined by the
determining unit 601 and the scaling factor to each corresponding base station.

[0170] Inanembodiment, the processor determines, according to the communication information, the remaining power
usage proportion allocated to each base station, and determines, according to the remaining power usage proportion
and the total power headroom of the UE, the remaining power usage amount allocated to each base station.

[0171] An embodiment of the present invention further provides a base station, including:

a transceiver, configured to receive total power headroom of UE and communication information that is sent by the
UE and about communication between the UE and each base station; and

a processor, configured to determine, according to the communication information and the total power headroom
of the UE that are received by the transceiver, a first remaining power used for communication with the UE.

[0172] In an embodiment, the processor determines, according to the communication information, a first pre-allocated
remaining power used for the communication with the UE; obtains a second pre-allocated remaining power used for
communication between the UE and another base station communicating with the UE; if it is determined that a sum of
the second pre-allocated remaining power and the first pre-allocated remaining power is greater than the total power
headroom of the UE, negotiates with the another base station to re-determine a first pre-allocated remaining power and
a second pre-allocated remaining power, until a sum of the re-determined first pre-allocated remaining power and the
re-determined second pre-allocated remaining power is not greater than the total power headroom of the UE; and
determines the re-determined first pre-allocated remaining power as the first remaining power used for the communication
with the UE.

[0173] Specifically, the processor negotiates with the another base station to re-determine a closed-loop power control
adjustment value and/or transport format compensation value. A determined closed-loop power control adjustment value
and/or transport format compensation value is sent to the UE. The transceiver receives a first pre-allocated remaining
power and a second pre-allocated remaining power that are recalculated by the UE according to the determined closed-
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loop power control adjustment value and/or transport format compensation value and a re-determined closed-loop power
control adjustment value and/or transport format compensation value sent by the another base station.

[0174] In an embodiment, the processor determines, according to the communication information, a first pre-allocated
remaining power used for the communication with the UE; obtains a second pre-allocated remaining power used for
communication between the UE and another base station communicating with the UE; if it is determined that a sum of
the second pre-allocated remaining power and the first pre-allocated remaining power is greater than the total power
headroom of the UE, re-determines, according to a priority of the communication between each base station and the
UE, afirst pre-allocated remaining power and a second pre-allocated remaining power that are used for the communication
with the UE; and determines the re-determined first pre-allocated remaining power as the first remaining power used
for the communication with the UE.

[0175] An embodiment of the present invention further provides a base station, including:

a receiver, configured to receive a first remaining power reported by user equipment UE;

a processor, configured to obtain a second remaining power that is reported by the UE and received by another
base station communicating with the UE, and when it is determined that a sum of the second remaining power and
the first remaining power is greater than total power headroom of the UE, negotiate with the another base station
to re-determine a firstremaining power and a second remaining power, until a sum of the re-determined first remaining
power and the re-determined second remaining power is not greater than the total power headroom of the UE.

[0176] In an embodiment, the processor negotiates with the another base station to re-determine a closed-loop power
control adjustment value and/or transport format compensation value. The transceiver is configured to send a determined
closed-loop power control adjustment value and/or transport format compensation value to the UE, and receive a first
remaining power and a second remaining power that are recalculated by the UE according to the determined closed-
loop power control adjustment value and/or transport format compensation value and a re-determined closed-loop power
control adjustment value and/or transport format compensation value sent by the another base station.

[0177] In an embodiment, the processor re-determines, according to a priority of the communication between each
base station and the UE, a first remaining power and a second remaining power that are used for the communication
with the UE.

[0178] Persons skilled in the art should understand that the embodiments of the present invention may be provided
as a method, a system, or a computer program product. Therefore, the present invention may use a form of hardware
only embodiments, software only embodiments, or embodiments with a combination of software and hardware. Moreover,
the present invention may use a form of a computer program product that is implemented on one or more computer-
usable storage media (including but not limited to a disk memory, a CD-ROM, an optical memory, and the like) that
include computer-usable program code.

[0179] The present invention is described with reference to the flowcharts and/or block diagrams of the method, the
device (system), and the computer program product according to the embodiments of the present invention. It should
be understood that computer program instructions may be used to implement each process and/or each block in the
flowcharts and/or the block diagrams and a combination of a process and/or a block in the flowcharts and/or the block
diagrams. These computer program instructions may be provided for a general-purpose computer, a dedicated computer,
an embedded processor, or a processor of any other programmable data processing device to generate a machine, so
that the instructions executed by a computer or a processor of any other programmable data processing device generate
an apparatus for implementing a specific function in one or more processes in the flowcharts and/or in one or more
blocks in the block diagrams.

[0180] These computer program instructions may be stored in a computer readable memory that can instruct the
computer or any other programmable data processing device to work in a specific manner, so that the instructions stored
in the computer readable memory generate an artifact that includes an instruction apparatus. The instruction apparatus
implements a specific function in one or more processes in the flowcharts and/or in one or more blocks in the block
diagrams.

[0181] These computerprogram instructions may be loaded onto a computer or another programmable data processing
device, so that a series of operations and steps are performed on the computer or the another programmable device,
thereby generating computer-implemented processing. Therefore, the instructions executed on the computer or the
another programmable device provide steps for implementing a specific function in one or more processes in the flow-
charts and/or in one or more blocks in the block diagrams.

[0182] Although some preferred embodiments of the present invention have been described, persons skilled in the
art can make changes and modifications to these embodiments once they learn the basic inventive concept. Therefore,
the following claims are intended to be construed as to cover the preferred embodiments and all changes and modifications
falling within the scope of the present invention.

[0183] Obviously, persons skilled in the art can make various modifications and variations to the embodiments of the
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present invention without departing from the spirit and scope of the embodiments of the present invention. The present
invention is intended to cover these modifications and variations provided that they fall within the scope of protection
defined by the following claims and their equivalent technologies.

Claims
1. A coordinated power allocation method, comprising:

determining communication information about communication between user equipment UE and each base
station;

determining, according to the communication information, remaining power usage information allocated to each
base station; and

reporting the determined remaining power usage information allocated to each base station to each correspond-
ing base station.

2. The method according to claim 1, wherein the determining remaining power usage information allocated to each
base station comprises:

determining a remaining power usage amount allocated to each base station, or determining a remaining power
usage proportion allocated to each base station; and

when the determined remaining power usage information allocated to each base station is the remaining power
usage proportion allocated to each base station, after the determining remaining power usage information
allocated to each base station, the method further comprises:

reporting total power headroom of the UE to each corresponding base station.

3. The method according to claim 2, wherein when the remaining power usage information that is allocated to each
base station and determined according to the communication information is the remaining power usage amount
allocated to each base station, before reporting the determined remaining power usage amount allocated to each
base station to each corresponding base station, the method further comprises:

when it is determined that a sum of the remaining power usage amounts allocated to all the base stations is
greater than the total power headroom of the UE, determining, according to importance of data transmitted by
the UE to each base station or communication quality of the communication between the UE and each base
station, a scaling factor for scaling down the remaining power usage amount allocated to each base station; and
the reporting the determined remaining power usage amount allocated to each base station to each correspond-
ing base station comprises:

scaling down, by using the determined scaling factor for scaling down the remaining power usage amount
allocated to each base station, the remaining power usage amount allocated to each base station, so as
to re-obtain a remaining power usage amount allocated to each base station and report to each correspond-
ing base station; or

reporting the determined remaining power usage amount allocated to each base station and the scaling
factor to each corresponding base station.

4. The method according to claim 2, wherein the determining, according to the communication information, a remaining
power usage amount allocated to each base station comprises:

determining, according to the communication information, the remaining power usage proportion allocated to
each base station; and

determining, according to the remaining power usage proportion and the total power headroom of the UE, the
remaining power usage amount allocated to each base station.

5. The method according to any one of claims 1 to 4, wherein the determined communication information about the
communication between the user equipment UE and each base station comprises at least one of the following:

an amount of to-be-transmitted data in the communication between the UE and each base station;
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historical scheduling information of the communication between the UE and each base station; or
a path loss power of the communication between the UE and each base station.

6. A coordinated power allocation method, comprising:

receiving total power headroom of user equipment UE and communication information that is sent by the UE
and about communication between the UE and each base station; and

determining, according to the communication information and the total power headroom of the UE, a first re-
maining power used for communication with the UE.

The method according to claim 6, wherein the determining, according to the communication information and the
total power headroom of the UE, a first remaining power used for communication with the UE specifically comprises:

determining, according to the communication information, a first pre-allocated remaining power used for the
communication with the UE;

obtaining a second pre-allocated remaining power used for communication between the UE and another base
station communicating with the UE;

when it is determined that a sum of the second pre-allocated remaining power and the first pre-allocated re-
maining power is greater than the total power headroom of the UE, negotiating with the another base station
to re-determine a first pre-allocated remaining power and a second pre-allocated remaining power, until a sum
of the re-determined first pre-allocated remaining power and the re-determined second pre-allocated remaining
power is not greater than the total power headroom of the UE; and

determining the re-determined first pre-allocated remaining power as the first remaining power used for the
communication with the UE.

8. The method according to claim 7, wherein the negotiating with the another base station to re-determine a first pre-
allocated remaining power and a second pre-allocated remaining power specifically comprises:

negotiating with the another base station to re-determine a closed-loop power control adjustment value and/or
transport format compensation value;

sending a determined closed-loop power control adjustment value and/or transport format compensation value
to the UE; and

receiving a first pre-allocated remaining power and a second pre-allocated remaining power that are recalculated
by the UE according to the determined closed-loop power control adjustment value and/or transport format
compensation value and a re-determined closed-loop power control adjustment value and/or transport format
compensation value sent by the another base station.

9. The method according to claim 6, wherein the determining, according to the communication information and the
total power headroom of the UE, a first remaining power used for communication with the UE specifically comprises:

determining, according to the communication information, a first pre-allocated remaining power used for the
communication with the UE;

obtaining a second pre-allocated remaining power used for communication between the UE and another base
station communicating with the UE;

if it is determined that a sum of the second pre-allocated remaining power and the first pre-allocated remaining
power is greater than the total power headroom of the UE, re-determining, according to a priority of the com-
munication between each base station and the UE, a first pre-allocated remaining power and a second pre-
allocated remaining power that are used for the communication with the UE; and

determining the re-determined first pre-allocated remaining power as the first remaining power used for the
communication with the UE.

10. A coordinated power allocation method, comprising:

receiving a first remaining power reported by user equipment UE;

obtaining a second remaining power that is reported by the UE and received by another base station commu-
nicating with the UE; and

if it is determined that a sum of the second remaining power and the first remaining power is greater than total
power headroom of the UE, negotiating with the another base station to re-determine a first remaining power
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and a second remaining power, until a sum of the re-determined first remaining power and the re-determined
second remaining power is not greater than the total power headroom of the UE.

The method according to claim 10, wherein the negotiating with the another base station to re-determine a first
remaining power and a second remaining power specifically comprises:

negotiating with the another base station to re-determine a closed-loop power control adjustment value and/or
transport format compensation value;

sending a determined closed-loop power control adjustment value and/or transport format compensation value
to the UE; and

receiving a first remaining power and a second remaining power that are recalculated by the UE according to
the determined closed-loop power control adjustment value and/or transport format compensation value and a
re-determined closed-loop power control adjustment value and/or transport format compensation value sent by
the another base station.

The method according to claim 10, wherein the negotiating with the another base station to re-determine a first
remaining power and a second remaining power specifically comprises:

re-determining, according to a priority of communication between each base station and the UE, afirst remaining
power and a second remaining power that are used for the communication with the UE.

A coordinated power allocation method, comprising:

when it is determined that a sum of uplink powers allocated to all base stations is greater than a maximum
transmit power of the UE, determining, according to importance of data transmitted by the UE to each base
station or communication quality of communication between the UE and each base station, a scaling factor for
scaling down an uplink power allocated to each base station; and

scaling down, by using the determined scaling factor for scaling down the uplink power allocated to each base
station, the uplink power allocated to each base station, so as to re-obtain an uplink power allocated to each
base station and report to each base station to each corresponding base station; or reporting the remaining
power usage amount allocated to each base station and the scaling factor to each corresponding base station.

A coordinated power allocation apparatus, comprising:

a determining unit, configured to determine communication information about communication between user
equipment UE and each base station, and determine, according to the communication information, remaining
power usage information allocated to each base station; and

a sending unit, configured to report the remaining power usage information that is allocated to each base station
and determined by the determining unit to each corresponding base station.

The apparatus according to claim 14, wherein the determining unit is specifically configured to determine a remaining
power usage amount allocated to each base station, or determine a remaining power usage proportion allocated to
each base station; and

the sending unit is further configured to report total power headroom of the UE to each corresponding base station
when the remaining power usage information that is allocated to each base station and determined by the determining
unit is the remaining power usage proportion allocated to each base station.

The apparatus according to claim 15, further comprising a processing unit, wherein

the determining unit is further configured to: when the remaining power usage information that is allocated to each
base station and determined according to the communication information is the remaining power usage amount
allocated to each base station, and when itis determined that a sum of the remaining power usage amounts allocated
to all the base stations is greater than the total power headroom of the UE, before the determined remaining power
usage amount allocated to each base station is reported to each corresponding base station, determine, according
to importance of data transmitted by the UE to each base station or communication quality of the communication
between the UE and each base station, a scaling factor for scaling down the remaining power usage amount allocated
to each base station;

the processing unit is specifically configured to scale down, by using the scaling factor that is determined by the
determining unit and for scaling down the remaining power usage amount allocated to each base station, the
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remaining power usage amount allocated to each base station, so as to re-obtain a remaining power usage amount
allocated to each base station; and

the sending unit is specifically configured to: report the re-obtained remaining power usage amount allocated to
each base station to each corresponding base station; or report the scaling factor and the remaining power usage
amount that is allocated to each base station and determined by the determining unit to each corresponding base
station.

The apparatus according to claim 15, wherein the determining unit is specifically configured to:

determine, according to the communication information, the remaining power usage proportion allocated to
each base station; and

determine, according to the remaining power usage proportion and the total power headroom of the UE, the
remaining power usage amount allocated to each base station.

The apparatus according to any one of claims 14 to 17, wherein the communication information that is determined
by the determining unit and about the communication between the user equipment UE and each base station
comprises at least one of the following:

an amount of to-be-transmitted data in the communication between the UE and each base station;
historical scheduling information of the communication between the UE and each base station; or
a path loss power of the communication between the UE and each base station.

A coordinated power allocation apparatus, comprising:

a receiving unit, configured to receive total power headroom of user equipment UE and communication infor-
mation that is sent by the UE and about communication between the UE and each base station; and

a determining unit, configured to determine, according to the communication information and the total power
headroom of the UE, a first remaining power used for communication with the UE.

The apparatus according to claim 19, wherein the apparatus further comprises an obtaining unit, wherein

the determining unit is specifically configured to determine, according to the communication information, a first pre-
allocated remaining power used for the communication with the UE;

the obtaining unit is configured to obtain a second pre-allocated remaining power used for communication between
the UE and another base station communicating with the UE; and

the determining unit is further configured to: when it is determined that a sum of the second pre-allocated remaining
power and the first pre-allocated remaining power is greater than the total power headroom of the UE, negotiate
with the another base station to re-determine a first pre-allocated remaining power and a second pre-allocated
remaining power, until a sum of the re-determined first pre-allocated remaining power and the re-determined second
pre-allocated remaining power is not greater than the total power headroom of the UE, and determine the re-
determined first pre-allocated remaining power as the first remaining power used for the communication with the UE.

The apparatus according to claim 20, further comprising a sending unit, wherein

the determining unit is specifically configured to negotiate with the another base station to re-determine a closed-
loop power control adjustment value and/or transport format compensation value;

the sending unit is configured to send a determined closed-loop power control adjustment value and/or transport
format compensation value to the UE; and

the receiving unit is further configured to receive a first pre-allocated remaining power and a second pre-allocated
remaining power that are recalculated by the UE according to the determined closed-loop power control adjustment
value and/or transport format compensation value and a re-determined closed-loop power control adjustment value
and/or transport format compensation value sent by the another base station.

The apparatus according to claim 19, further comprising an obtaining unit, wherein

the determining unit is specifically configured to determine, according to the communication information, a first pre-
allocated remaining power used for the communication with the UE;

the obtaining unit is configured to obtain a second pre-allocated remaining power used for communication between
the UE and another base station communicating with the UE; and

the determining unit is further configured to: when it is determined that a sum of the second pre-allocated remaining
power and the first pre-allocated remaining power is greater than the total power headroom of the UE, re-determine,
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according to a priority of the communication between each base station and the UE, a first pre-allocated remaining
power and a second pre-allocated remaining power that are used for the communication with the UE, and determine
the re-determined first pre-allocated remaining power as the first remaining power used for the communication with
the UE.

A coordinated power allocation apparatus, comprising:

a receiving unit, configured to receive a first remaining power reported by user equipment UE;

an obtaining unit, configured to obtain a second remaining power that is reported by the UE and received by
another base station communicating with the UE; and

a determining unit, configured to: when it is determined that a sum of the second remaining power and the first
remaining power is greater than total power headroom of the UE, negotiate with the another base station to re-
determine afirst remaining power and a second remaining power, until a sum of the re-determined first remaining
power and the re-determined second remaining power is not greater than the total power headroom of the UE.

The apparatus according to claim 23, further comprising a sending unit, wherein

the determining unit is specifically configured to negotiate with the another base station to re-determine a closed-
loop power control adjustment value and/or transport format compensation value;

the sending unit is configured to send a determined closed-loop power control adjustment value and/or transport
format compensation value to the UE; and

the receiving unit is specifically configured to receive a first remaining power and a second remaining power that
are recalculated by the UE according to the determined closed-loop power control adjustment value and/or transport
format compensation value and a re-determined closed-loop power control adjustment value and/or transport format
compensation value sent by the another base station.

The apparatus according to claim 23, wherein the determining unit is specifically configured to:

re-determine, according to a priority of the communication between each base station and the UE, a first re-
maining power and a second remaining power that are used for the communication with the UE.

A coordinated power allocation apparatus, comprising:

a processing unit, configured to: when it is determined that a sum of uplink powers allocated to all base stations
is greater than a maximum transmit power of the UE, determine, according to importance of data transmitted
by the UE to each base station or communication quality of communication between the UE and each base
station, a scaling factor for scaling down an uplink power allocated to each base station, and

scale down, by using the determined scaling factor for scaling down the uplink power allocated to each base
station, the uplink power allocated to each base station, so as to re-obtain an uplink power allocated to each
base station; and

a sending unit, configured to report the re-obtained uplink power allocated to each base station to each corre-
sponding base station, or report the uplink power allocated to each base station and the scaling factor to each
corresponding base station.
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